Background: Chronic Fatigue Syndrome/Myalgic Encephalomyelitis (CFS/ME), and Multiple Sclerosis (MS) may share some similarities in relation to reduced NK cell activity. It is likely that other cells such as regulatory T (Tregs), invariant Natural Killer T (iNKT) and gamma delta T (γδ T) cells may also be dysregulated in CFS/ME and MS.
Introduction
Chronic Fatigue Syndrome/Myalgic Encephalomyelitis (CFS/ME) is characterized by unexplained disabling fatigue which is regularly accompanied by flu-like symptoms such as unrefreshing sleep, impaired concentration or short-term memory, post-exertional malaise, muscle and joint pain, headaches, and sore throats that persist for over 6 months. 1 Patients with CFS/ME often present with symptoms including impaired cognition, immune and endocrine dysfunction and may have a poor prognosis of recovery. 1 No diagnostic test has been established for CFS/ME. Hence, a plausible biological pathophysiology remains to be determined. Multiple Sclerosis (MS) is an autoimmune inflammatory disorder of the central nervous system (CNS). The classical order of pathological events in MS includes chronic inflammation, primary demyelination,
Methods

Participant Recruitment
Participants for this study were recruited from clinics at Griffith University and the Gold Coast University Hospital. All participants completed a questionnaire based on the Centre for Disease Control and Prevention (CDC) case definition for CFS/ME. 1 MS patients had not taken any disease-modifying therapy in the 3 months prior to participation in the study. MS patients all met the 2010 revised McDonald criteria for a diagnosis of MS. 13 MS disease severity was assessed using the Multiple Sclerosis Impact Scale (MSIS-29) and the expanded disability status scale (EDSS) which was undertaken by a trained neurologist. The Dr Bell's Disability Adjustment Scale was a self-reporting questionnaire and axonal damage. 2, 3 Regardless of the vast research on MS, the pathogenic mechanisms involved in the inflammatory process of MS remain unclear.
Immune cells that have both an innate and adaptive immune response and are a bridge between the two immune systems include regulatory T (Treg) cells, invariant natural killer (iNKT) cells and gamma delta (γδ) T cells. Immune dysfunction has been shown to play a substantial role in the symptomatology of CFS/ME. Previous investigations have repeatedly reported reduced natural killer (NK) cell cytotoxicity in CFS/ME patients compared with healthy controls. 4, 5 Similarly, increased regulatory T cells (Tregs) in CFS/ME patients have been identified consistently. [4] [5] [6] NK cells have previously been investigated in MS patients under therapies including daclizumab, interferon-β, natalizumab, and glatiramer acetate. 7 In MS patients, these therapies have the ability to increase NK numbers and/or function. This highlights an important role of NK cells and their function in MS. 8 Tregs have a key role in other presumed autoimmune diseases such as MS; however, there is no reported difference in the frequency of Tregs in MS patients in comparison to healthy individuals. 9 Invariant Natural killer T (iNKT) cells and γδ T cells have been examined in CFS/ME and MS patients, where iNKT cells suppress and inhibit cytokine production of autoreactive cells. γδ T cells on the other hand interact with dendritic cells in the priming of the adaptive immune response and, once activated in the periphery, γδ T cells may confer an antigen-presenting function. 10 Previous research reported a lack of circulating T cells expressing the NK markers CD56 + and CD161 + and T cell receptor (TCR) in patients with MS.
11
Moreover, the iNKT cells from MS subjects in the same study displayed hypo-responsiveness to α-GalCer. 11 Contrary to observations in MS, in CFS/ME patients, iNKT cells were reportedly increased in severely affected CFS/ME patients and were not altered in less affected CFS/ME patients. 12 The present literature suggests that CFS/ME and MS may share some similarities in relation to reduced NK cell activity. 5, 12 It is likely that other cells (Tregs, iNKT, γδ cells) may also be dysregulated in CFS/ME and MS. The objective of this study was to investigate peripheral regulatory cells such as Tregs, γδT cells and iNKT cells in CFS/ME and MS patients compared to healthy controls and test the null hypothesis that there is no difference between these groups. completed by CFS/ME and healthy controls for fatigue scale. 14 The medications used by MS and CFS/ME patients are shown in Table 2 . The exclusion criteria included individuals with psychosis, epilepsy, cardiac disorders, smokers, pregnancy and breast feeding. All participants signed a Consent Form provided prior to participation. Approval for this study was obtained from the Griffith University Human Research Ethics Committee (MSC/18/13/HREC).
Sample Collection
Blood from the antecubital vein (15mL) was collected into EDTA tubes for immunological assays. The blood samples were analyzed within 4 hours after collection. Further pathology screening of Full Blood Count, including white cell count, was included to eliminate abnormalities.
Characterization of Tregs
Peripheral blood mononuclear cells (PBMCs) were isolated from whole blood samples by a density gradient using Ficoll-Hypaque (GE Healthcare Life Sciences; Milan, Italy) and adjusted to a concentration of 10 6 cells/µL. The combination of monoclonal antibodies (mAbs) used for Treg characterization were: CD4, CD25, CD127, CD28, CD45RA, CD152 (CTLA-4) and FoxP3. Intracellular staining of FoxP3 was performed using the BD Pharmingen TM transcription buffer set according to the manufacturer's instructions (BD Bioscience).
Characterization of iNKT cells
INKT cells were identified using whole blood samples. The mAbs (BD Biosciences, San Jose, CA, USA) used in determining iNKT cells were: 6B11, CD3, CD4, CD8 CD8α, CD16, CD56, CD197, CD150, CD62L, CD45RA, CD27, CD28, CD1d, PLZF, and CD45RO. Briefly, cells were stained with a combination of mAb for iNKT, lysed with FACS Lysing solution (BD Biosciences) and washed with PBS and fixed (BD Stabilizing Fixative) before analysis on the flow cytometer.
γδ T cells Assessment
Whole blood was collected into EDTA tubes and stained with a combination of mAB for γδ T cell characterization: CD45RA, CD27, γδ TCR, γδ 1 TCR, γδ 2 TCR, CD11a, CD62L and CD94. Cells were lysed with FACS Lysing solution (BD Biosciences) and washed with PBS and fixed (BD Stabilizing Fixative) before analysis on the flow cytometer. The method was previously described elsewhere. 15 
Flow Cytometer Analysis
The mAB combinations were applied to characterize the Treg, iNKT and γδ T cell phenotypes, receptors and transcription factors. LSR-Fortessa X-20 flow cytometer analyses (BD Biosciences) were performed using BD FACSDiva software (Version 7).
Statistical Analysis
SPSS 21 and Prism 6 were used for the statistical analysis of the data. Data from the three groups were compared using two-way ANOVA with the Dunett T3 multiple comparison test. P≤0.05 was considered statistically significant. Percentage of Treg cells were significantly increased in the CFS/ME group compared with the healthy controls group. Data is presented as mean ± standard error of the mean. Significant difference was represented by an asterisk (*), p≤0.05. CFS/ME is represented by the black circles (l); Healthy controls group is represented by the black squares (n) and MS group by black triangles (p).
A.
B. + iNKT cells was significantly decreased in the CFS/ME group compared with the healthy controls group (3D). The MS group showed significant reduced percentage of effector memory iNKT cells (CD45RO + CD62L-) compared with healthy controls (3E). Data is presented as mean ± standard error of the mean. Significant differences were represented by asterisks (*), P≤0.05; (**), P≤0.005. CFS/ME is represented by the black circles (l); Healthy controls is represented by the black squares (n) and MS group by black triangles (p).
Results
Study participants and demographics
Participants in this study consisted of 24 CFS/ME patients (mean age 49 ± 12.3 years old), 11 MS patients (mean age 54 ± 12.6 years old) and 27 healthy controls (mean age 48 ± 12.4 years old). The healthy controls had no incidence of fatigue measured by the Short Form Health Survey (SF-36) (Hays et al., 1993). The MS patients in this study were comprised of relapsing remitting (RR) (n=4), primary progressive (PP) (n=2), secondary progressive (SP) (n=2) and clinically isolated syndrome (CIS) (n=3). For MS cases, the average (SD) MSIS-29 score was 2.8 (2.9) and the mean (SD) EDSS was 2.41 (2.61). Figure 3 . γδT cells and γδ2 T cells in healthy controls, CFS/ME and MS patients. (A) Total γδ T cells percentage of lymphocytes was significantly reduced in the MS group compared with the healthy controls group. CFS/ME group presented no difference when compared to healthy controls group. (B) γδ2 T cells percentage of total γδ T cells was significantly reduced in the MS group compared with the healthy controls group. CFS/ME group presented no difference compared with healthy controls group. Data is presented as mean ± standard error of the mean. Significant differences were represented by asterisks (*), P≤0.05; (**), P≤0.005. CFS/ME is represented by the black circles (l); Healthy controls group is represented by the black squares (n) and MS group by black triangles (p).
A. B.
For CFS/ME, the average (SD) Dr. Bell's fatigue scale score was 44.04 (20) .
Immunophenotype profile in CFS/ME or MS patients
Total white cell count was significantly increased in the MS group compared with the healthy control group but no significant differences were identified between CFS/ME and the healthy control groups (Figure 1) . between the three groups (data not shown). Furthermore, CTLA-4 was reduced in the MS group in comparison to the CFS/ME group, however this was not statistically significant.
Reduced total γδT cells and γδ2 T cells subset percentage of lymphocytes was observed in MS patients compared with the healthy controls ( Figure 3A and 3B, respectively) . In the CFS/ME patients, the percentages of total γδT and γδ2 T cell subsets were not altered compared with the healthy controls. There was no significant difference in the percentage γδ1 T cells subset among the three groups (data not shown). controls group. A number of immunological differences were observed between CFS/ME and MS patients. The CFS/ME group had a significant increase in the CD4 The significant increase in Tregs observed in CFS/ME patients may suggest sustained immunosuppression resulting from imbalances in immune homeostasis, thus mobilizing these cells to restore balance. Increases in Tregs may contribute to the significant reductions in NK activity observed in CFS/ ME. 4 However, Tregs in the MS patients were similar to the healthy controls. MS patients in the stable or acute phase were reported to have steady levels of Tregs. 17 Dissimilar expression of Tregs in MS and CFS/ME patients suggests different pathways of pathogenesis implicating this regulatory cell type.
CTLA-4 is a key molecule for Tregs suppressive function 18 and is reduced in the MS group; CTLA-4 showed no significant difference compared with healthy controls in our study. CTLA-4 has a role in the suppression of Th2 cytokines through the induction of Th1 responses. 19 Interestingly, previous data have been shown to be contradictory when examining the influence of CTLA-4 in the MS pathway. A meta-analysis research of GWAS on MS patients with emphasis on 3 loci that had previously reached genome-wide significance, resulted in
Discussion
This study aimed to compare Treg, iNKT and γδT cell subset phenotypes in CFS/ME and MS patients with the healthy only one of them (locus near THADA) showing differences in data. 20 Others, however, have found a significant reduction in specific genes possibly affecting CTLA-4 function in MS patients. 21 As previously reported in MS patients, CTLA-4 in CD4 +
CD25
High was not altered compared with healthy controls or CFS/ME patients. 22 Previous studies have shown decreased iNKT cell frequency and dysfunctional iNKT cells in MS patients. 23 It is well known that iNKT cells have an essential regulatory role; nonetheless, they also act as effector cells linking the innate and adaptive immune systems. 24 There was no difference in the percentage of total iNKT cells in the MS group compared with CFS/ME and healthy control groups established in this study. CD4 + iNKT cells are predominant producers of IL-9 and IL-10 25 and also produce high levels of IL-4 which are responsible for Th2 differentiation.
26 IL-9 has previously been described as a possible target for the inhibition of Th17 and IL-9 receptor deficiency may ameliorate experimental autoimmune encephalitis (EAE). 27 An increase in CD4 + iNKT cells, described in the CFS/ME group in this study, may enhance the secretion of IL-4, suggesting an increase in Th2 cells; this may act as a negative feedback loop to counteract the potential increase in Th1 cytokines. IL-10 has been reported to be increased in some CFS/ME patients, which may be in response to heightened levels of Tregs. 28 Central Memory iNKT cells are memory cells and are reserves with the property of fast differentiation to effector memory cells in response to antigens. In our results, the central memory iNKT cells were not statistically different between the three groups. However, the percentage of effector memory iNKT cells was significantly reduced in the MS group compared with healthy controls. CD4 -CD8 -iNKT or double negative iNKT cells are responsible for the balance between Th1 and Th2. The double-negative iNKT cells have been shown to be decreased in patients with autoimmune inflammatory conditions, such as systemic sclerosis. 29 Many studies involving autoimmune disease have shown alterations in the Th1 and Th2 balance due to iNKT regulation. 30, 31 Interestingly, the percentage of CD4 -CD8 -iNKT cells was significantly reduced in the CFS/ME group compared with healthy controls. Besides being very similar to the MS group, the reduction of this phenotype was not significant in the MS group.
The CD56 + CD16 + iNKT percentage of iNKT cells was significantly reduced in the CFS/ME patients compared with the healthy controls. Remarkably, the CD56 + CD16
+ iNKT percentage of iNKT cells in the MS group was very similar to that presented by the CFS/ME group; however, it was not significantly reduced compared with healthy controls The surface expression of CD56 + and CD16 + might suggest that this cell phenotype contains high amounts of perforin and granzyme B. The cytotoxic capacity of this cell phenotype may perhaps be closely related to natural killer cells previously shown to have reduced cytotoxic activity in the CFS/ME population. 32 Total γδ T cells have been stated to be increased in the CNS of patients with MS, especially when compared with the frequency of those cells in the periphery. 33 Previous studies in MS patients have shown effective expansion of γδ T cells generating high levels of IL-2, IL-10 and TNFα in response to myelin basic protein (MBP) reactive T cells vaccine. 34 γδ T cells are very important inflammatory effectors that can, through the innate or adaptive immune systems, initiate a prompt response to infection. 10 Nevertheless, γδ T cells in MS patients have previously generated contrary results as significantly reduced numbers were found in the peripheral blood compared with cerebral spinal fluid. 35 γδ2 T are the most abundant γδ T cells in the periphery. The reduction in the total γδ T and γδ2 T cells reported in this paper may suggest either apoptosis of γδ 2 T cells or translocation to the CNS, as observed in active MS cases. 35 In conclusion, CFS/ME and MS are incapacitating disorders that involve the immune system and fatigue, although differently presented, can be a prominent symptom in both conditions. This paper evaluated Tregs, γδ T and iNKT and their subsets in CFS/ME and MS patients. Some similarities were identified in subsets of iNKT cells in CFS/ME and MS, while other immunological changes were specific to either MS or CFS/ME patients. Importantly, the CFS/ME patients presented with a unique and altered immune profile that needs to be further explored. Tregs, γδ T and iNKT cells and their subsets have an important role in both disorders. However, their mechanism of action and their contribution to these conditions remains obscure. Therefore, further in-depth studies involving genetics examination on these cells in MS and CFS/ME are needed.
